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I. Introduction
One of the unique features of the SLC is its capability to accele~ate longitudinally , . ' polarized electrons. These can be used to test the Standard Model of Electroweak
Interactions with unprecedented accuracy. The SLC polarization groupl consisting of physicists and engineers from SLAC, LBL, Indiana University, and the University of Wisconsin has been f?rmed to implement the polarization program at the SLC.
The SLAC management has approved a schedule which calls for installation of the polarization option in summer 1988.
Technically the polarization project consists of three main parts: (1) a polarized source, (2) spin-rotating superconducting solenoid magnets to be used to manipulate the direction of the electron ~pin, and (3) the polarimeters needed to monitor and measure the electron beam polarization. It is this last topic that will concern us here.
Two types of polarimeters will be used-Compton and Moeller. The first of these is based on the fact that' the elastic scattering of photons from high energy electrons is strongly spin dependent, whereas the second utilizes the spin dependence of elastic electron-electron scattering. The advantage of the Compton method is that it has very high analyzing power and thus should permit high precision, whereas the virtue of the Moeller method is its relative simplicity and high data rate. The use of these two independent methods which have largely uncorrelated systematic errors is expected to yield reliable values for the beam polarization.
The polarimeters will have two main functions. On the one hand they will be 1 used to make quick relative measurements for purposes of monitoring and diagnostics.
Such measurements are intended to be fully compatible with normal SLC operation in the colliding mode. Accuracies of less than 1 % should be attainable in less than a minute. The other function is to use the polarimeters to make occasional high precision absolute measurements for calibration. At least some of these measurements will involve short dedicated runs with only the electron beam. Initially we hope to achieve 5% accuracy in the absolute polarization determination, with a goal of reaching 1 % after we have gained enough experience.
A schematic layout of the SLC including the main polarization components is shown in figure 1 . There are Moeller polarimeters at the end of the linac and in the extraction-line spectrometer, and a Compton polarimeter about 40 meters south of the electron-positron interaction point (IP).
In the following sections the plans of the SLC polarization group to measure and monitor electron beam polarization will be discussed in greater detail. Section II is devoted to a brief discussion of the physics and the demands it imposes on beam polarization measurements. The Compton polarimeter is described in section III.
The essential characteristics of the two Moeller polarimeters are presented in section IV.
II. Physics with Polarized Electrons
The Standard Model of electroweak interactions is phrased in terms of left-handed and right-handed particles whose couplings are not identical but are completely determined by knowledge of three fundamental parameters: The fine structure constant, Q, the Fermi Coupling constant, GF, and the mass of the Z, mz.
One of the first tasks at the SLC will be the accurate measurement of m z. The extraction-line spectrometers 2 will be used to measure the energy of the electron and positron beams to better than 1 part in a thousand, and thereby to determine the mass of the Z to about 45 MeV. When longitudinally polarized electrons become 2 available the energy-dependent spin precession in the arcs will cause the spins of 50
GeV electron to make about 28 complete revolutions between the end of the linac and the electron-positron interaction point. This spin precession can be used to make an independent calibration of the energy of the electron beam with a precision which is comparable to that obtainable with the extraction-line spectrometer.
Once the three basic parameters 'of the theory are known it uniquely predicts all other observables. The'most stringent test of the Standard Model can be made by using longitudinally polarized electrons to measure the left-right asymmetry. 1 %. We are also striving to develop a polarized source which can deliver 90-100% polarized electrons rather than the 45% expected with the present source.
III. The Compton Polarimeter

IIl.A. Method
The (4) there is a well defined minimum recoil energy.
As will be discussed later the latter two features are useful for calibration purposes.
The relevant cross sections are large enough that commercially available lasers are sufficiently intense to produce a reasonable interaction rate. Rapid and essentially 4 bias-free reversals of photon and/or electron polarization will minimize most systematic effects. The scattered electrons are contained in a cone of half-angle less than 10 microradians with respect to the beam axis. Our detection scheme is based on using magnets SBI and Bl to momentum analyze these scattered electrons (thereby also separating them from the electron beam), and thereafter to measure their position in a segmented threshold Cherenkov detector. This detector, to be described below, is designed to be largely insensitive to the flood of low energy photons coming from synchrotron radiation and beamstrahlung in this region of the accelerator. .
.
The Compton polarimeter will be used both as an on-line monitor of the electron .. beam polarization, and for precise measurement of the magnitude of this polarization. In the monitoring mode we can collect enough data for 1% statistical accuracy within a few seconds at the design beam current of 5 x 10 10 electrons per pulse. 
III.B. The Laser System
We intend to use a XeCI excimer laser having a peak power of 20 MW at (.x = 308 nm) with a pulse width of 8 ns and a repetition rate of up to 180 Hz. Some initial tuning and debugging will probably be done with a frequency-doubled Nd:YAG laser which is already available to us. The laser(s), together with the polarizing elements and beam synchronization electronics, will be housed in a small alcove which is accessible during normal operation of the SLC (see figure 5 ). An optical beam transport system consisting of a series of pairs of 90 degree reflectors which maintains the full circular polarization of the laser beam will be used to transport to laser 5 light from its source to the intersection point with the electron beam. At the CIP (Compton Intersection Point) the angle between the laser beam direction and the electron beam direction is (7r -0.020) radians. After passing the CIP the laser beam will be brought out of the SLC vacuum and its intensity, position, polarization, and time structure will be monitored.
III. C. The Cherenkov Detector
Perhaps the greatest unknown at this point in time is the radiation environment near the polarimeter, and the backgrounds that will be generated in our detector.
Because we expect the detector to be permeated by a flood of low energy photons from scattered synchrotron radiation and beamstrahlung we have chosen to use a segmented threshold gas Cherenkov counter to detect the Compton scattered electrons. This detector will be insensitive to electrons of 10 MeV or less when operated with {3-butylene gas at atmospheric pressure. The threshold can of course be varied by changing the pressure or the type of gas. It has been shown by Heintze, et al. 4 and verified by us that ,8-butylene has one of the lowest scintillating efficiencies of any gas in the wavelength region to which our phototubes are sensitive. The fact that Cherenkov light is strongly collimated whereas scintillation light is isotropic provides us with another powerful means of rejecting background.
In figure 6 we schematically show the paths of the momentum-analyzed Compton scattered electrons as they pass through our Cherenkov detector. The electrons having the greatest asymmetry are those with the lowest energy which are furthest from the 50 Ge V electron beam. Our detector is being designed to accept electrons ranging in momentum from 33 GeV Ic (about 3 cm from the beam) to 12.5 GeV Ic (about 19 cm from the beam) in 40 equal width segments, each of which is viewed by a small photomultiplier tube. In the high-asymmetry region the energy of the recoil electrons can be determined to 0.1 GeV. The kinematic limit corresponding to maximum momentum transfer as well as the energy where the asymmetry goes to 6 zero will be used to calibrate the system (see figure 4) . 
III.D. The Multiwire Proportional Chamber
Compton scattered electrons having energies less than 30% of the beam energy are bent sufficiently by bending magnets SB1 and Bl to pass to the left of quadrupole Q7. These electrons are of particular interest because they exhibit the largest spin-. dependent asymmetry (see figure 4b) . After passing through our Cherenkov detector they will also be detected by a small multiwire proportional chamber located in the low background region behind Q7. Both the Cherenkov detector and the wire chamber can be used simultaneously when no converting material is placed in front of the Cherenkov detector. The readout of the wire chamber will integrate the total charge collected as a function of position in the detector.
III.E. Use of the Cherenkov Detector as a Relative Luminosity Monitor
In the region of the Cherenkov detector near the beam, where the detected elec~ trons have more than half of the beam energy, we expect the Compton signal to be overwhelmed by electrons coming from radiative Bhabha scattering at the IP. These 7 electrons, whose energy spectrum falls steeply as their energy falls below the beam energy, will be a serious luminosity-dependent source of background. For once, however, we hope to use a background to our advantage. The copious radiative Bhabha events should allow us to use this region of the detector as a high-rate relative luminosity monitor. It is a relative monitor because the beam transport system will be badly mistuned for these lower energy electrons, and only a small energy-dependent fraction of them will actually reach our detector. From the point of view of Compton polarimetry this kinematic region is of interest mainly for purposes of calibration, and we intend -to make such calibrations when the beams are not colliding. The kinematic region of greatest interest in determining the beam polarization is where the asymmetry is largest. This occurs when electrons have less than half of the beam energy. In this region the radiative Bhabha background is expected to be tolerably small even at the design luminosity of 6 x 10 30 em -2 sec-I.
Ill.F. Status
The present status is that a laser is being readied for tests in the laboratory, the optical beam transport system is being designed, and a single-channel prototype Cherenkov counter has been built and tested in a 90 MeV electron test beam. Within the next few months we plan to install this prototype detector as well as another one having several cells in the region of the SLC foreseen for the full-scale detector. These prototype detectors may well be suitable for use as relative luminosity monitors during the early stages of SLC operation. Only after we learn more about the backgrounds and how the prototype detectors perform in situ will we proceed with the design and construction of the actual detector. We would like to install this detector in fall 1987 or early 1988.
IV. The Moeller Polarimeters
IV.A. Method
Moeller scattering has been used in previous experiments at SLAC to measure Figure 9b shows the bin-to-bin asymmetries observed in a typical one-minute-Iong run in the SLAC 1978 experiment. The analyzing power of the polarized target was about 5.6%, showing that the beam polarization for these data was around DAD. The accuracy of this type of measurement was about ±0.02.
Moeller polarimeters for the SLC will be installed at the end of the linac and, as part of the extractio~-iine spectrometer system, near the electron beam dump. The latter location is not ideal, being separated from the IP by 150 meters and several magnetic bends, but it has the advantage of utilizing an existing system of magnets, and it allows the polarimeter to reside continually in the beam without interfering with machine or experimental operations. Spin precession between the IP and this
Moeller polarimeter is relatively large, and the spin orientation at the monitor will not be the same as at the IP. However spin motion is determined by the beam energy and the magnetic fields, and the measurement can be related to the value at the IP by a simple matrix relationship. For this reason, and the fact that spin at the IP will not be purdy longitudinal, the Moeller spectrom~ter will be designed to measure all three components of the spin. This can be accomplished with the same detector and spectrometer by suitable orientation of the target foil.
With the SLC running at the design current of 5 x 10 10 electrons per pulse and a pulse rate of 120 Hz it should be possible to measure the polarization of the electron beam with a statistical accuracy of less than 1% in a few minutes of running.
Systematic errors of comparable magnitude are expected. These are due mainly to uncertainties associated with determination of the target polarization and with clean isolation of the Moeller-scattered signal; i.e., background subtraction.
IV.B. The Target
The Moeller target is a magnetized foil of a high-permeability magnetic material.
Previous targets used successfully the material SUPERMENDUR, which is an ironcobalt-nickel alloy. It saturates magnetically around 100 gauss external field. Thin 
IV. C. The Detector
The parameters of importance are sensitivity to electrons, fine angular resolution, and ability to operate at high incident rates. The detector used in the Moeller spectrometer in the earlier SLAC work consisted of a PWC hodoscope in a brass body, behind'l Xo of lead. Using the high voltage, the gain was adjustable, so proper operating points could be found for all beam conditions. Signals from each PWC wire were integrated and digitized. In the computer, aSymmetries were for:med and sorted for each PWC channel. Figure 11 shows a sketch of the detector(
IV.D. Status
The extraction-line spectrometer is scheduled for installation in the fall of 1987.
The detailed design of the Moeller polarimeter presently underway. Construction of the target assembly and the detector will take place during the second half of 1987.
It may be possible to commence installation of the polarimeter in late 1987, but in any case we intend it to be 'fully installed before the end of summer 1988. LA WRENCE BERKELEY LABORA TORY  TECHNICAL INFORMATION DEPARTMENT  UNIVERSITY OF CALIFORNIA  BERKELEY, CALIFORNIA 94720 
